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Chier, IZxplosives Division )
Sunj: Studies of the ERL Tyre 12 Drop=‘leight Imract ;

Weehine at NOLG(HOJ-°7»ngéc,19~1b)

Abetract: This memorandum is, in z rens e, a'centinunation of
CERD Report llo, 5744, vut ig at the same time 2 ve-
cord of the 1vn~raatlnc work done with the Imract
Yachine by the High Explorives Section over & TWO-
year period except for -gas~colleetien experirents,
witdeh will be ﬁesc”1096 in a saparat e wamO“Luéuu '
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wilin 2 number of ilscellmeous cons’deratlones
¢.Bo, the effect of sarpl welght on 50, roint,.

Foreword: This report is intende¢ % collect ‘n one usable
source the results of ourimpactetest research
for a two vesr period, Te data and factual statee
ments are believed to beiccurate, and the opinions
are the well-considered mes of the authors, The
Haval Crdnance Iahoratoryis not cormitted to ei
dorse either,

Refs: (a) OSED Rerort No. 5744 Physical Testing of Fxe
plosives, Part II,
(b) Division 8, NDRC, Inerim Revorts FT=29, p.24,
£f; PT30, p.15, ffiand PT=32, p.21, ff,
(e¢) A.M,P, Report No, 1(l,1R; ctatistical Analysis
for a New Frocedure in Sensitivity Xxperiments,
{d) Division 3, "DRC, Inerim Report PT-25, p.22,
£f.
(e) Division 8, NDKC, Inerim Report PT=26, p.l14,
ff.
(f) Statistical iiethods for Research Workers,
?. Aé)Fisher, Tenth [dition, Oiiver and Boyd.
1946).
avOrd Report 85-46,p.81,ftf,
Sffects of Honenormillty upcn Staircase llethods
of Sencitivity Testlg, by D. F, Votaw, Jr.
Statietical ResesrchGroup, Frinceton, Vew
Jersey.
(1) NavOrd Report 65-46;"Staircase !‘ethods of
Sensitivity Testing',
(j) "The Use of Zlectriul Cables 'ith Piezoelectric
Gages", P. . Cole, IDRC Tiepori A=-306, CSRD 4561,
(k) "Rleetrical Instrumeats for Study of Underwater
Explosions and otherPransient Fhenomena®}
R.H, Cole, D, Stacey, R.,1, Frowm, NDRC Report
A=3603; OSRD 6238,

P~~~
b= 1]
L r Qo

Encls: (A) Appendix 1. "The Elketronie Noise Indicator
for the Impact Machie", by &, J. Jacobs.
(B) Tables I - III,
(C) Plates I and A=I.(NU Sk B=67695)

I. Introduction

The results of four vears' atuy and cevelopment of
laboratory Drop "eight Tupact Test lachines are contained in
the report of reference (a). Thisreport extends the work of
that referei-e, snd has teen »rilute upen the ascunption that
reference (a) will he available orfamiliar to the interested
reader. One of the 337-em. drop mchines fror the .V .1 . has
been acquired hy the Ixplosives Diision of Eﬁe Tiescarch De=
partment at the (I, and, equippedrith the ExT Typa 12 tools,
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hoo been subjected tu a periormarce study during the past

tvo years. Alnmost from the outset in its uce at the lOL

nLs machline has been emploved with an electronic "noise-
meter', to he described in this memorandunm (See also ref-
ererce (a) p.22, f7.)o With such a device presumably elim-
inating those caures of sysiematic error associaved with the
obrerver's Jjudgment of the result of a single drop-test,
horogeneity or stability tests of the cort deseribed for RUX
in reference (b) have been carried out on a varlety of explo-
sives. Such tests have, however, been broadened in scope by
study of extended series of two-member group-tests, so that
not only the stability of 503 exploslon heights, hut also of
their ratios, can bhe inspected, These extended series of 50-
shot tests have, moreover, been so connected that they supply,
at tha same time, 1000-shot tests of six explosives. Uith
such large numbers it becomes possltle to consider with more
meaning the distribution functions generated in these vests,
and to make distinctions among the porulation standarde
deviations. These possibilities now also permit a more ra-
tional discussion of the choice of "percent-points" to be
determined in general sensitivity teesting. During the period
of study covered by this memorandum, there have, of course
been carried out a large number of purely routine sensitivity
comparisons of various explosive samples; these have bheen, in-
general, of purely local or special interest, and will not be
considered here.

II. Anparatus end Procedure
A. Impact ilachine

The KOL machine, received from ERL, 1s briefly de-
eeribed in reference (a) and 1s drawn in detail in the followe
ing NOL Sketches:

MNOL/SK A=63875 to 4=63922
'0L/SY. N=98874 to B-~98903
NOL/SE C=06249 to C=06261
NCT /S D=97375 to D=97379
Asscrbly-1101./SK D-97378

The above drawings show the machine equipped vith a gase
collection chamber, which h: s not bteen used in the studles
reported in this remorandum. The tools ured are rhovn in
NCL/SXYs 80774, 80775, 546¢, 85470, /7434, 8Rogs, 30003,
Bo004, 02757, 46942, and 0795, vhile detalie of the concrete
bedding are shovm in WCI/SK-05926, Although these drawings

- gpecify a drop-veight of either 2.5 or 5 ¥g., the former has
been used oxelucively in the wook rerortcd here.

COM DI TIAL -2 DUl G, 007

-

. ‘-.'Qn--—w—-n-n----u—!ﬂH-—lIlu..Hl&HﬂﬂIIl.'ﬂ..--'““'“-“‘-""""u.""ﬂ.'.'



B, Basie Test Procedure and Data Reduction

The basic unit test employed in this work has beon
made by the 50-trial A..'.Fs "Up and Down" method using test
heights equally spaced in the logarithm of the height, on &
0.1 log unit interval, The results have been analyzed by “he
method of reference (c¢). The application of this experimental
‘g:oceduro and method of analyeis to the ERL Type 12 machine

& been described in consideradle detail in reference (d).
Such discussions need not be reproduced here. The nomenclae
ture and significance of symhols employed in this memorandum
will be uniform with these of references (a) through (4), and
are bdriefly as follows:

m < the 502 explosion height on the normalized
(logarithmic) ecale.

'h « the 505 explosion height in centimeters.

(o ) = the estimated standard deviation of the
parent population.,

Onm - the estimated standard error of m.

Oc - the estimated standard error of O
C. §gample Freparation
Those materials which are normally cast loaded are
prepared for test by casting out !n a thin sheet, gently grind-
ing in a mortar, and screening. The test sample is a mixture
of equal weights of the 16=-30 and 30=50 U, S. Etandard Sieve

cuts, ‘Other materiale vhich cannot be cast, such ae RDX, PETN,
Explosive D, etc., are normally terted as received.

Do Ieading

In routine testing, samplee are loaded into the
machine for test on a volumetric hasis, using small scoops,
For seneitivity comparisons, test weighings are first made
and scoop-sizes chosen go that samples of each explosive
weighing 35+ 2 mg. are delivered, For most of the purposes
of the studies reported here the average scoop weight is of
no special importance (except see Section III E).

BE. Evaluation of Individual Trials

For all sensitivity tests reported here, the de-
cision that the result of a given trial was an "explosion®
or an "inert" has taen made by the electronic nolse indica-
tor, or "noisemeter", which ie described in detail in enclo-
sure (A) of this memorandum.

CONFIDEINTIAL o b= NOLit1 10,003
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stability of results made with the Type 12 machine were
rather qualitative ones (reference (e). With an explosive
ec sensitive that there was no interpretation problem (e.g.
FuIN, as shovm in Figure 1) some work was done with the ERL
Tyre 3 machine (reference (b), which shoved that even in the
absance of interpretational difficulties, s reries of 504
heights did not, in general, shov as smail a variance as
would be expected from the O p-values calculnted. ''ith the
grosser asrects, at any rate, of the interprestion problem
solved hy the electronic noise indicator, 1t has seemed
proper to extend studies like those of reference (b) to the
Type 12 machine.

2, PElan of the Fxporimept

Three pairs of explosives were selected for
tests. A series of twenty group-tests wes made with each
pair, each group-test consisting of the alternate firing of
the %wo explosives until a total of 50 shots had been made
on each sample. One additional condition was obrerved for
each pailr - each test after the first vas a continuation of
the previous test. In this way the twenty 50-shot tests of
each explosive also constitutec one 1000-shot test. The
pairs chosen vere RDX-IETN, Composition B - Composition B
D-2, and Composition A-3«HBX, The RDX, PLIL, and Composiiion
A=3 vere tested as received, vhile the other samples vere
east and screened to standard grist (See Section II C).
Roughly two group-tests were made each day.

3. Exnerimental Results

The detailed results, calculated by the rro-
cedure of reference (c), are presented in Table II; pairs
comprising a group-test bear the same test numbers, and the
~anal row contains the analvsis of the complete data, treated
as one 1000-shot run. In a few cases the Table states "Too
small to calculate"; this means that the estimates were found
to be too small to calculate by the procedures of reference (c).
‘i@ shall now consider the meaning of these results.

4, Ho! of m-Va:

The six serier of mevalues were first tested
for homogeneity dv the procedure of reference (¢), p. 26,
ignoring the fact that they were really generated as three
geries of paired values. The results, in the norenclature of
reference (c), are:

CONFPIDENTIAL -~ 6. NOL 10,003




PN 31.52 19 32,79 40,39
RDX H4,69 19 32.79 40,39
Comp. A=3 82.63 17 30.02 ' 37.29
Comp. B 69.07 18 31.41 38.85
HRX 954,21 18 31.41 38,85
Comp., B, D-2  83.27 18 31.41 38.85

The above numbers show that only the PEZTN series is homogeneous
at the 5% and 14 significance levels, all other series being
inhomogeneous at both significance levels. In the light of the
insensitivity of the FETN m~values to changee in noisemeter
gain, as shown in Figure I, one might be tempted to attribute
these results to uncontrolied gain fluctuations in the noise-
meter; actually, however, this does not seem to be a jurtifi-
able conclusion. If it were correct, one would expect a regu-
lar deterioration in homogeneity with decreasing sensitivity,
which is not found. iforeover the inhomogeneities reported for
RDX i{n the first tvo rerorts of reference (b) were obtained
under circumetances where the constancy of result evaluation
could not besuspected. Ve telleve, therefore, that although
such homogeneous series may occaslonally occur, one must antie-
ipate that with this machine, in its present condition and mode
of operation, the generation of inhomogeneous series will be
the rule - i{.e., there are uncontrolled =ources of error ~hich
elude estimation in the determination of ¢F j in one 50-shot run.

5. Homogeneity of Differences in meValueg

Next, the annlysis actually proper under the
experimental circumstances ves made; 1.e.,, the stability of
the differences of the me=values ohtalned in the two memher
group tests was studied. Results analagous to those of the
previous section are: .

Gp (cale) L Qr (5% level)
KDY - PETN 19.59 19 32.79
Fg = sl 24,74 17 30.02
HIXe A= 19.07 16 28,61
CONFIDENTIAL -« 7~ NOL.f 10,003




The above numbers show that each of these three
series of differencee 1s homogeneous at *the 5% level. By
combining these three Qp's (as one combines X2 values -
sec reference (f), p.Rl) it may further be showm that not
only are these ceries homogeneous individually at the 5%
level, but alro that thay are homorenecus at the same level
as a group. It should he remarked that these rairs of exe
plosives were chosen to be at least roughly comparsble in
sensitivity, but ara otherwise quite various. J§DX and FTTN
are hoth pure crystalline compounds, Composition R and Come
position R, D=2 differ only in the added desensitizing wrax
present in the latter, while Composition #-3 is a waxed EDX,
and HEX is an aluminum-bearing explosive mixture, ‘e may
therefore conclude that when pairs of explosives (and pre-
sumably larger groups) are tested together (for larger groups
a truly randomized arrangement would be preferable), the
estimates of error, provided by the methods of reference (e),
are appropriate for use in significance tests within the group.
That this irs true in general, particularly where a group cone-
tains members of widely varying seneitivities, has not been
shown, hut in actual fact one 1s really interested only in
significance tests and estimates of error vhen comparing exe
plosives of nearly equal sencitivity, =o for 11 practical
purposes the deronstration is generai¢

C. Mormglity St

The logarithmic normalized height scale vwas first
adopted at ERL after a reries cf experiments suggasted not
only that it appeared to give more nearly normal distridbutions
of the probability of explosion than the helghte themselves,
but particularly vhen it apreared that the T °s which were
obtained us! - the logarithmlic ecale were escentially equal
for all explusives (see reference d). A much more extensive
series of experiments made later (reference g) under circum-
stances which permitted testing the data for normality on
both the logarithmic and unmodified height ecele assumptions
chowed that neither one was hest for all samples tested. The
six series which have heen determined in these studies may te
analyzed as 1000 shot runs, and tested for normality by the
procedure of reference (¢), p. 2%, ff. (as corrected in the
errata gheet). The rertinent results, in the notation of
reference (c)yare:

CONFIDELTIAL -8 a o1t 10,003




L. x2 Z2 (54_lavel) x2 (i level)

FEIN 2 1,985 52991 9.210
RDX 2 1.505 5.991 9.210
Coupe A=3 2 3.520 5.991 9.210
Comp. B 2 10,250 5,991 9,210
HEX 3 5.570 7.815 11,345
Comp., B, D=2 3 3,527 7.815 11.345

These data show that all of “he explosives except
Composition B give distributions normal in the logarithm cf
the height at the 5» level, but that Composition B deviates
from normality even at the 1% level; this ceviation must he
admitted as significant, but does not seem to be correlated
with an especially high Qy in the tabulation of Seetion III
B 4., Viewed ac a whole, however, these data do seem to con-
form reasonably to ncrmality in the logarithm of the height,
and the use of this ccale remains of great practical value,
Attention is directed ‘in this ccnnection tc the recent re-
port of reference (h), which diecussed the effect of departure
from normality upon the estimates of population parameters
provided by these "Staircase" experiments.

D, Eopulation Standgrd Deviations

In refcrencee (b) and (d), series of many ¢ values
determined for varicus explosives were studied., These were
obtained in 50-trizl tests, and were, mccordingly, not known
with greet accuracy. Determined with the z1d of the Jogarith-
mic height scales, they appeared in general to constitute a
homogeneous setrof etatistics (in the renre of' the homogeneity
test of reference (e), p. 26). The precision with which the
1000 shot rune, performed here, determine ¢ is great enough so
it is of interest again to consider this matter.

The following pertinent dsta are reproduced from

Table II:
rxplosive o Do
RDX 0.1123 0.00717
FLTN 0.1343 0.,00210
Comp. B 0.1306 0.,00874
Comp, B, D=2 00,1324 0.00891
HRX 0.1804 0.01450
Compo l-l°3 000870 0000519
CONFIDRENTIAL -0 w oLt 10,003
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, Comparisons cervainly must be valid among the pairs
of {Y~values determined in one twc-member group test, “‘hen
so made, the TF =values for NDX and PRETN and for Composition b
and Composition E, De2 are not distinguished as different st
the 54 level, while the (J -values for HEX and Composition A«3
are readily distinguished as different &t the same level. Com=
parisons among sl)l six values are perhaps less valld, but may
well be meaningful for such long runs. The whole se% of six
is, of courre, not a homogeneous set in the sense of reference
(¢), p. 26, but the first four ¢ =values are; the Comrosition
A=-3 value is gignificantly smaller than thelr average, hile
the I"X value 1s significantly greater. The practicai meaning
of these results is that vhereas the first four explosives may
be said to have displayed sensitivities in this test vhich may
be characterized simply by stating their m-values or 505 explo-
eion heights, the latter pair do not; thelr reletive sensitive
ities depend ur the severity of the dlow to which they are sub-
Jected (or to the "percent-points" at which they are heing come
pared, to chonse the alternative bssis of comparison)., This
situation is not really unexpected nor even discouraging; ine
deed were all 22 -values the same, one would begin to doubt that
they were actually related at ali to the characteristics of the
explosive, being simply a measure of the lack of reproducibility
in the blow of the machine. It is not clear from these results,
moreover, that the rensitivity ordering at any one "percent-
point" is more nearly related to "service sensitivity" than
that obtained at any other, but the meaning of the rhole sensi-
tivity curves, especlally ars larger and more realietic devices
for simulating szccidental initiation by impact ere developed,
may become clearer in the future, and may well aid 1n undere
gstanding the many puzzles of seneitlivity.

Using Composition A-3 and HIX, determinstions cf
“percent-points" other than 50% points have been made by us,
using the rethods outlined in reference (i). Generally speak-
ing, these methcds were all satisfactory, and were in adequate
agreerent among themselves, ‘e are no%, however, impelled to
choose any of the new ones in preference to the AP "Up and
Down" methods.

bl »

e .iiscellanecus Studies

1, Causes of Inhomogeneity of m-Values

Feal physical variations in the mechanics of
this impact-test nust canse the inhomogeneities found in Ffec-
tion III B 4 of this memorandum. ‘e have kept records of the
temperatures nn¢ cf the humidities in the test room, but have
not been ahle %c find any significant correlation between them
and the mevalues., Another possible source of some of these
veriations does seem to have been detected; thle 1e excessive
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weur of the plungers. Because of the relatively greant sta-
ility of tge Type 12 tools, where no close dimensional toi-
erances need he held, we had fallen into careless habits,

uring plungers until they developed pronounced rings on their
flat faces. TIn the Composition R, Composltlion B, D=2 seriez
Table II), for example, plungers were changed in the midale
of tests 3«59 and 3-68, and after tects 3=63 and 3«71; ezch
such change was followed by 2 pronounced drop in the 50%
point. Three 50-zhot tests were then made with Composition
B, D~2, as fellowe: In test 4.1A a resurfaced, highly rolich~
ed ~lunger vas used; in test 4~1P a similar plunger slightly
"rougned up" with emery cloth was used; snd in test 4-1C a
used plunger, having a well daveloped Ting and a rough surface,
was used. The results follow: . ' ‘ '

poyees v : P

Test m. o hlem X _Gw. G
414 1,9967  99.2  0.0009 0,015 0,085
412 1.9950 98,8 0.1858  0.0351  0,0631
4-1C  2.0508 112 0,1220  ©.0244 " 0.03E5

There are no distinctions made by these rasults, bt 1t 1s
interesting to note that the highest result vas obtained with .
the worn plurger. e

Accordingly., in the next series, {HFY-~-Compnsition
A~3), plungers were changed regularliyv: these changes are ine .
dicated in Table TI, Unhapplly, if the starred and unstarred
data are tested cerarately for homogeneity, they are found.
et4111 to be inhomcgencous. ‘Thus, although regular replaceinent
of plungers docs arppear to he helpful, no complete explanation
has been found For the variations disccvered,

2a Demendence of 504 Point on Sample elght

- g son

Jeference (2) presents information concerning
the dependence of 50w points on sample welght for the Tyre 3
machine (p.13). Analegcus studies have now teen rade with the
Type 12 machine. Filve explosives, covering the sensitivity
range of the machine, viz, FETN, Tetryl, Compositlon he3, TITX,
and THT were teeted in Individual 50-shot runs. The data ere
wresented in Tebls ITX,

3
v

)
-t
-t
I
(W)

17

»

e unkporn, the URX data are
. cbteined for Cemposition
-

Toyr reacons which a:
very badly sentteraed, while the v

bt

1)

e znd THT are unuruslly Tow. s ereept the VN deodta seom
A 4 e . £ ‘e -~ - g ey v e -~ IR | ‘a
suitable for a Jeternineticn of slope hlwetver, on equuniicon o1

the form
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was assumed vhere y 2 m and x 2 logys sample weight. a and
b were determined by a modified leaég squares procedure in
which the quantity minimized was

(y1 = axq =b)?
2

That 1s, the data were weighted inversely as the squares of
their attendant standard errors. This procedure glves:

ma 0.6185 X + 0,1547 (PETHN)

m3 0.5582 X +0,5213 (TETRYL)

ms= 0.5938 X 40,7740 (Composition A-3)
m2 0.4327 X 4 1.1428 (TNT)

Thus the slopes are not greatly different for these four
meterials; accordingly sensitivity comparisons do not appear,
with this machine, to be greatly influenced by cheice of
sample-welght, provided the same sample weight ie= used for
all materials under comparison,

3. Factors Contributing to O

Such values of & ae are determined, for ex-
ample, by tresting the data of Tehle II as 1000-shot runs,
contaln in all probability, contributions made i:* rany fac-
tore. 6ne such contributer ic the sare corrler of caures
which leads to inhomogeneity in these cdata "vher analyzed con-
secutively as 50 shot runs. Thie contribution could te zssess-
ed by aprroprlate analysls of the dota of Terle II, but since
we do not understand the rnature cf the cemplex of causes, 1t
1¢ not esreclally practical te evaluate their effects in this
way, the vhcle practical content of the results being actually
con{ained in the method (Section III B 4) of avoiding these
effects.

finother possible centributor to ¢ is suggested
by the previous section, nenely, the variation in eample
velghts obtained by volumetric leading. Fifty scoors each of
THT and RDX were welghed. The average weights vere found to
be 31,4 and 0.6 mg., with population ctandard deviations of
2.1 ané 1.6, respect{vely. Cn the hraslie of an average standard
deviation of 2,0, of sample welght 32, and the average of the
coefficlente of X in the equations c¢f the rrevious section, one
would exrect a contribution of arcut 0.0195 to v from such causes.
A few 50=chot cofparisons have been made Yetween welghed and
voluretrically loaded samples, but thzue runs vers toe short to
reveal any diflerences,

, Another possible contrihtor to 3 1s the lack
of reproducinhility in the physieal arransenent of tke explosive
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gralns betwszen ths tools, A few preliminary experinments on
serples preparced as cast wafers have not yet revealed any
renl decrease in ‘# obtainable by thle nethod of securing
phyrical uniformi+y. .
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Enclosure {A)

ATY<NDIX 1

The nolse indlcator or "noisemeter", as this device is
usually called, is a device which zives a visual signal to
indicate vhether a given noise from the impact test is above
or below a given reference level, The instrument uses a
plezoelectric microphone (Rochelle salt type) essentially as
a peak pressure device. The pressure eignal incident on the -
microphone produces a charge on the microphone whiech, within
the frequency limits of the microphone, is proportional to
the pressure. This charge produces a voltage which is proe
portional to the charge across the capacitance of the micro-
phone, a padding capacitor used for calibration, and the
associated input circuit capacitance. The voltage is ampli.
fied so that sn output of ahbout 40 volts is obtained to core
respond to the voltage produced by the microphone at the dee
sired reference level, The amplified voltsge is used to
trigger a small thyratron biased to ahout 40 volts helow the
triggering voltage. Triggering the thyratron causes a neon
glow lamp to light, thus indicating that the peak sgound level
actuating the microphone exceeded the referaence level select-
ed. A sound level bhelow the referernce level faile to trigger
the thyratron and so fails to light the neon indicator lamp.
The eircuit is srranged g0 that the only variabtle not under
the control of the operator is the responze of the microphone
This response mey he a function of the ambient temperature.(15
Operational control is achieved by introducing the calibrating
signal at the input of the amplifier. The calibrating signal
1t introduced as a ¢ calibration(2) (Q ® quantity of charge)
which then calibrates the instrument for microphone output ine
dependent of capacity in the microphone circuit. Triggering
at the desired level is accomplished by adjusting the amplifier

(1) Hecently two types of crystal mixes having low temperature
coefficlents have heen commercially introduced. One usces
ammonium dihydrogen phosphate, the other a ceramic of
barium titanate, Tfither type in thie application might
need an additional amplification stage,

(2) Tor more detaile of the Q callbration, see references (J)
and (k)o '

CONFIDENTIAL - 14 = VoL 10,003




In this diagram:
Cm » microphone capacitance
C1 ® Line and stray circuit capacitance
Co ® calibration capacitance ('i Cm + C1)

Re ® resistor across which calibration voltage
. Eg 18 developed

fBB s grid resistor
Eg & voltage input to amplifier
By ® calidration voltage

‘;Q' 8 charge developed Ly microphone for a given
: acting pressure, p.

The microphone may be considered as a charge generator in
parallel with a capacitance, C Vhen a pros=ure acts on
the microphone the charge dove!oped is:

Q= XAp

If p = p(time) then Q (t) 1s a linear function of p(t) within
the limits of the linear response range of the nmicrophone. K
18 the plezoelectric constant and A 1s the gage area, Y 18 a
function of temperature but in this application the temperae
ture coefficient seems small enough to be neglected for the
amblent range normally encountered®.

The voltage, Eg, developed by the zound pressure p iss

Eg’m * Cm+Cy +C¢

(In this equation Be lg zero and the effect of Rp and Rg mag
be neglected because R, is very small and Rg is very 1arge.‘

For calllwoticny o voltuge, Fe. L5 coplled ag a £uare

-

% In this eormechion 46 might he atoted that Rochelle 2alt
g far from zn ldeal materizl for the mlerephone hecauase
1% hes a Corie point at 24%, If nove mr**mk?(m vere dee

glien 4% v Te vrell bo Anvestioets ¢ other PLE. vatorisls
suel g2 S0P oo rourmsline.

COURTERLLT T : R Y O 10,003




step by switehing a constant current through Rq. Thent

- Ege ® Eo . S0 ™€)
: [
, . v F——a—
Et mT 1 t
or .
¢ 2

Epe & Eg smre—el

o ge ¢ Cp '~ Ct « Cq .

; In operstion a standard capacitance C ‘15 plugged into the

.. ecalibrator, Eg¢ 1s selected and the gain iz set so the instru-

-« ment 1ustA€r1ggers‘wnen Eg is switched in, This then estad-

e s\%iihpl_a minimum level for triggering by the microphone given
by .

R N
’ ‘Thens

Ptrigger ® E—%—i&

In this equation all circuit variahles have been eliminated
except the callbrating voltage and capaclty. It is thus
possible to rerroduce trigger rettings independent of variae
tion of micrgphone cable length or veriation of microphone
espacitance. ‘ : : a

’

* There is some evidence that the change of capacitance of a

Rochelle salt crystal somewhat parallels ite change of
iezoelectric conctant. This would make a § calibration

loee satisfactory than a voltage callbration for this type
of microphone. Actual tests with the impact machine over
a rather wide range of ambient temperature have indicated

" gatisfactory agreement of 505 pointes however. An idea of
the probatle magnitude of the temperature effect on the
Tochelle salt microphone may be gained from some dats in
YOLi1 5125 on a Brush Hydrophone. This showed the following
responca (approximate), at 30 and 150 cycles as a function

of T,
T, °F Response, micravolts/bar
- — (dvne/cme)

50 ‘ 100

70 130

74 155 (max)

90 12y.
100 120

COMFIDENTIAL w 17 =~ JCTLL 10,003
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‘Notes on Operation:

1. It should be noted that the czlidrated level for
triggering 1s proportional to EeCe and not just Ee. However
after selecting a given value o 8c, Ee then naturally is a
messure of the trigger level. :

2. The meter marked if.V, on the schematic is funda--
mentally an O=1 milliampere meter., It is used with a 3 posi-

. tion switch, Sw2, In switch position } 1t shows Fe across a

10 ohm resietor and therefore gives a renge of E¢ from O to
10 millivolts. In switch position 2, Ee ie across a 100 ohm
resistor and the meter then reads a range of Fe from O to 100

- millivoits. In switch position 3 the meter is a O to 100

voltmeter used to measure the voltage on the cathode of V4 |

. for adjusting the thyratron blas.

g, J. Jacodbs

9
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Dependenge ¢ Pol Noise Ind G

Enclosure (B)
TARLE I

| 20 mv.
Explosive ih}
PETH " 1,147(14,0)
Tetryl 1.425(26,6)
Comp. B 1.691(49,1)
HIX  1,855(71.6)
T 1,965(92.3)

CONFIDENTIAL

- 2,068(117) 2,255(180) 2.3;9(;03;'*

40 mv, 60mv,- - B0 mv, -

1.129023,1)  1,029(12,0)  1.105(12,7)
1.367(23,3)  1,605(40,3)  1.607(40.5)
1.703(50,5)  1.815(65.3)  L.R30(67.6) . «
1.912(81.5)  2,023(106)  2,084(121)




- .
— lsts _m. e _C. _Ex _C¢
316 1,4469 28,0 0,147 10,0284 0,0459
317 1.3693 23.4 0,525  0,0209  0,0490
B 318 1,4042 254 0.0617 ' 0.,0137  0.0158
= 319 13506 22,4 0,093  0.0200  0,0274
) 320 1,4028 25.3  0,0993 040200 0,0274
B 321 13707 23.5 0.1228  0,0241 0.0361
— 3-22 1.3506 ©  22.4 0,082  0,0177  0.0229
324 L3931 24.7  0.0678 0.0145  0.0173
::1  3390 14373 27.4 0.0682  0.0146 0.0173
;:; . 3-40  1.37a7 23,7 . 0,0%2  0,0173 0.0222 . -
o 3ea 13988 . 25,0 - 0,155 0,0228  0,0333
= 3-42-  1.3306 21.4 . 0,0505 0.0116 0.0116
: U 3ea3 1.3586 22,8 0,051 0.0210  0.0294
T 34 13787 239 0.0842  0,0173  0.0222
N 45 1.3627 23,0 0,080 . 0.,0168  0.,0213
N 346 1,3627 23,0 0.0941 0,010  0,0256
347 1.3787 23.9 0,123 0.0239  0.0360
| 3-48  1.3667 23.3 0,1217 0.0239  0.0356
3-49 21,3667 23.3 0.0957 0.0193  0.0261
350 1,3506 22,4 0.1254.  0,0245 0.0370
1600) | &
shot)  1.3777 23.9 0,1123 0.00497 ©  0.00717
run ) |
CONFIDELTIAL - 20 . NOLi 10,003




TARLE IT (Cont.)

o PRIN o
AR 316 © 1,0841 12.1 0,1119 0.0226  0.0325 )
- 3«17  1.1008 "1é;6 ~0.,1502 - 0,0295 0,0481 S .7
| 318 . 11379 13,7 0.1905  0,0360 0.0652 “
— 7 3 1u3 0 130 0.1712 0.0332 0,0574
L 30 1,1532 . 14,2 . 0,067  0,0138. - 0,0159
- 321 | 1.0961 125 . 0.0657  0.0141 0,067
T 3.2 21,1018 12.6 - 0,112 0,0223 0.0321
Z:*'11‘;0_3-24 1.1201 © 13,2 - 0,0814 10,0169  0,0214
i 339 10091 12,9 ' 0.1625 0,0316 0.0534
e 30 1100 12,9 0,1221 = 0,0244  0,0364
T 3-81 1.0657 116 0.1087 0,0216 0.0308
— . 382 1.0632 11.6  0.137%6  0,0272 °  0.0427
= 343 1,0496 1.2 0,1513 0.0290 . 0,0475
== 344 1,0632 116" 0.137%6 0.0272  0,0427
345  1,0857 12,2 0.1347 0.,0262 0.0407
3-46 . 1,0897 12,3 0,1072 0,0213  0,0302
3-47 . 1.0817 12.1 0,0967 0.0195 0.0265
3=48 1,0715 11.8 0.1533 0.0300 0.0494
3-49  1,0757 11.9 0,1401 0.0276 0.0437
350 1,1178 12.1 0.0920 0.0187 0,0248
— 1000,
shot) 1,0938 12,4 0,1343 0,00583  0,00910
run }
. CONFIDENTIAL .21« HOTif 10,003




- TARLE II (Cont,)
Comosition B -
Tt - ..B. e % Gy  _Gs_

=" . 35 L8150 653 0,082 0,017 °  0,0216
B 355 1.2430  69:7  0.0733 0,015 - 0,0189.
0 356 17950 624 0.1084 0,024  0,0307
1 357 18050  63.8 0,077  0,0131  0,0153
358 18467 0.3 0251 0,025 - .0.0377
0 3-59 18190 659 0.0808 . 0,0167 0.0212
360 17270 533 0,022 . 0.0205  0,0284
361 17870 6.2 0.0177  0,0231 0,032
362 1.8050 €38  0,0857  0.0180  0,0232
) ,, '3-63 1,7925 62,0  0,0966  0.0199 10,0270
C 364 L7830 | 553 0,034 0,0177 0,023l
73465 1.7590  57.4  0.127%6  0.0249 - 0.0380
,v~”i}f3966 1.7190 52.4 0.1063 0.0213 10,0301
- 267 i.7510 56.4 . 0.0885 0.0181  0.0238
3-68 18070 641 0,1100  0,0218  0,0312

vet

3269 1,7950 62,4 0.1084 0.0215 0.0308
3270 1.7590 - 57.4 0.1663 0.0317 0.0540
370 1.7950 62.4 ' 0,1084 - 0.0215 .  0,0307
3272 1.4950 49,5 0,1472 0.0283 0.0459
273 .1.7670 58.5 0.2226 0,0223 0,0322
10009) R , ‘ ' |
shot) 1,7812. 60,4 0.1306 0LU508 0.00874
run ) '
CONFIDENTIAL : .22~ (10Tt 10,003




TARIE “ C

Compoaition By De2 | |
3=54 2,0467 111 too small to calculate
355  2.0430 110 0,0602 10,0132 0,0153
356 2,0370 109 0.0780 0.0163 0,020
””” 3457 2,0950 124 0.0692  0.0148 -  0.0177
=58  2,1190 132 - 0,1068 0.0213 - 0,030
3-59 296990 126 001482 _o,ozas 0.0464
360 2.0133 103 0,0845  0,0177  0,0228
3-61  1.9883 97,3  0,0811  0.017 0.0217
362 2,0510 112 0.1146  0,0226  0,0330
.63 2,077 118 0.1486 0,0291 0.0475
3-64  2,0133 103 0.0845  0.0177 0,0228
. 346§  2.0070 102 0.1488 0.0286 . 0,0466
366 2.0 101 01785  0.0331 0,057
' 3.67  2.0550 114 0.1214  0,0238  0,0354
3-68  2,1190 132 0,0938 0.0190  0,0255
3-69  2,0430 120  0.1513  0,0290  0,0475
w70 2,0550 114 0.1301  .0.0258 00397
3.7 2,0508 112 0.1057 - 0.0215 .  0,0303
372 1.9675  92.8  -0.0898  0.0187 . 0.0247
373 2,0133 103 0.1251 0.0250  0.0377
o) 2.0844 10,8 0,1324 5.0058 0.,0089
run )
CONFIDENTIAL .23 - NOLIf 10,003



TA ?"'LF ‘ 4

4a2¢  1,7430 5543 0.0479 0.0111 0.0127
4-3  1,7633  58.0 0.0706  0,0153  0.0184
44+ 18593 72,3 0,086  0.0176  0.0225
4-5 . 1,830 - 69,0 Too small to calculate,
A-6*  1.7508 5603 0.0646  0,0142 ':6;0165’~’*”~1'
4=7 1,8050 63.8 '0.0857  0.0180 - 0,0232 ,
4=11* . 1,7670 58,5 0.0733 0.0155  0.0189
412  1,7550 5649 0.0823  0,0170  0,0218
4-13%. 17470  55.8 0.0812  0,0168  0,0214
414  1,7390 54,8 0,0649 ~  0.0140 0.0164
" 4e15%  1.7670 58.5 0.0864  0.0177 = 0,0230
4-16  1.7350  54.3  0.103¢ 0,021  0,0295
217 1.7217 5247 0.0529  0.0122  0,0138
4-18  1.7830 60,7  0.0628  0,0137  0,0159
4-19*  1.7750 59.6 Too small .to calculate.
4-21*  1,8230 66.5 0.0655  0,0141  0,0166
8-23  1.7925 6240 0.0831 . 0.0175 . 0,0224
4=24%  1,7592 57,4 0.0646  0.0142 0,016
4~25  1,7870 61,2 0,0787  0.,0164  0,0205
4-26  1,7830 60,7 10,0490 0,0112 0.0125
-]:ggg; 1,7696 58’.\8 0,0870 0.00308 0.N0519
Tun ) |
* new (resurfnced) plunger.
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0.0398 .

HEX
lest _m__ em) o Cn_ S
420 1.9430 87.7 0,1771 0,0336 0.0590
43 2,080 110 0.0995  0,0200  0.0275
4et 12,0750 119 0.1214  0.0238  0.0354
&5  2,0310 107 0,1250  0,0244  0.0369
a-6*  1,9425  87.6 . 0.1304  0,0259 |
4.7  2,0800 120 0,161 0,023  0,0342
4-11*  1,9870 97.0 0.1048  0,0209  0.0293
412 1,987 97,0 0,307  0.0254  0,0391°
4-13* 11,9008 79.6 ~ Teoo small to calculate, -
4-14  1.9633 91.9 02457  0.0866 0,0953
4-15*  2,0050 101 0.1799 0,038  0.0615
4-16 1.9425 . 87,6 0.1304  0.0259  0.0398
417 19390 86,9 0.2070  0,0389  0,0734
4-18 . 1,9710 93,5  0.1560  0,0299  0.0496
| 4=19¢  1,9630 91,8 0,151  0.,0304  0.0510
4=21*  1,9133 81.9 0,3124 0.0587 0,1345
4~23  1.9950 90,2 0.2500 0.,0464.  0.0958
4-24% 1,670 92.7 0.0866 0.0177 0,0231
4-25 2.0252 106 .0,1595  0,0311  0,0522
4-26  1,9758 94,6 0.1528 0.,0299 0.0493
1560) '
shot)  1.9811 95,7 0.1294  0,00800  0,01450
run ) \
* Hew (resurfaced) plunger
CONFIDENTIAL P5 NOL'T 10,003
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Qg_p_g_gglégg,e_ of F'ifty Percent Foint on Sample ‘leight
Exploslve EEZﬁﬁi —n g On_ O
FETN 20 mg,  0.9343  0,1796  0.0347  0,0614

30 1.0471  0.1719  0.0327  0.0566
40 1.1791  0,0990  0.0199  0,0273
60 1.2470  0.0680  0.0145  0,0173
80 1.3259‘ 0.1326 0,0263 ‘6.0407
Tatryl 20 ng.  1.2551  0.0855  0,0179 0,0233
30 1.3271  0.1796  0,0340  0,0602
40 1.3791  0,1766  0.0335  0,0588
60 1.5259  0.1192  0.0239  0.0354
80. 1.5843  0.0647 0.0143  0,0168
Comp. A=3 20 1,5031  0,0571 - 0.0127  0,0148
- 30 1,6551 0,0822 0,0170  0,0218
40 1.6026  0.1237  0.0247  0,0372
60 1.8009 0.0574  0.0130  0,0152
80 1.8551  0,1127 0,0227  0,0330
HEX 20 1.7926  0.2843  0.0536  0,1174
' 30 1.7942  0,4483  0,0850  0,2307
a0 2.013¢  0.1251  0,0249  0,0377
60 2,0676  0.2910  0.0548  0,1213
80 2,29091 0,073  0,0150  0,0180
T 20 1.8160  0,1550  0.0311  0,0516
30 11,8231 0,1177  0.0231  0,0342
40 1,9311  0.1250  0,0244 0,069
60 1,9801  0,1430  0.0281  0.0451
80 29,0634  0.0571  0,0129  0.0142
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